SSC14-V-8
SUMO: Progress and Prospects
Paul Graven
Cateni
898 N. Sepulveda Blvd., Suite 350, El Segundo, CA 90245
paul@cateni.com
Darryl Hummel
The SI Organization
751 Vandenberg Road, King of Prussia, PA 19406
Darryl.e.hummel@thesiorg.com
and
The SUMO Integrated Transition Team
ABSTRACT
SUMO (Space Universal Modular Architecture) is an effort to improve space system affordability and support
innovation across the Space Industry. The approach focuses on modular architectures and industry led development of
common interface and qualification standards. SUMO is transitioning from the government led (industry informed)
analysis and planning phase to an industry led (government facilitated) implementation and execution phase. The
government facilitation is conducted by an Integrated Transition Team co-chaired by NASA, NRO and SMC. The paper
begins with a discussion of the motivation for SUMO, and its rich heritage of prior government and industry
investments. That is followed by a presentation of the highlights of the SUMO Transition Plan and associated outreach
and validation activities. The paper concludes with an update on the implementation and execution activities including
highlights and key findings from the March 2014 SUMO Workshop and the June 2014 Consolidated Space Industry
Standards (CSIS) Workshop, and a discussion of SUMO’s implications and opportunities for the Small Satellite
community.
BACKGROUND
The Office of the Director of National Intelligence
(ODNI) in cooperation with NASA (National
Aeronautics and Space Administration), the DoD
(Department of Defense) and numerous industry
participants –prime contractors, subcontractors and
component suppliers (tier 1-3 suppliers), are
collaborating via the SUMO (Space Universal Modular
Architecture) initiative to drive affordability, resiliency
and agility in space systems development. The primary
lines of attack are:


Development
and
modular/standardized
interfaces, and



Establishment of universal test environment
standards encompassing the vast majority of
launch and mission environments

implementation
of
data and electrical

These standards will not be developed by the government
nor will they be imposed by fiat. Rather, the SUMO
integrated transition team (ITT) is pursuing an industry
led process with government participation and input. The
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initial SUMO activities focused on establishing the value
proposition and development of a SUMO transition plan –
these are described in detail in the references. The
transition plan included a government led SUMO industry
workshop, conducted in March of 2014, which brought
government and industry together to discuss SUMO’s
goals and challenges, and to initiate the transition to
industry leadership. It was followed in June of 2014 by a
government facilitated, industry led Consortium for Space
Industry Standards (CSIS) workshop which began the more
formal industry engagement in both the interface and
environmental qualification standards. The balance of this
paper describes the goals and outcomes of these
workshops, describes some of the vision for the way
forward and provides some thoughts on the implications
and opportunities for the smallsat community.
SUMO TRANSITION PLAN
The SUMO Transition Plan lays out a strategy to establish
the public/private partnership, develop the SUMO
Architecture of Standards, accrue flight heritage, and
incorporate standards-compliant components into flight
missions. Representatives from the space-faring
government agencies are guiding and elaborating on the
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plan, lending their insight and ensuring their needs are
addressed. The Transition Plan emphasizes executability
from the multiple perspectives that need to be addressed
in order for SUMO to succeed.
Shared Investment and Benefit
The Transition Plan includes investment from both
government and industry stakeholders: industry IR&D,
government programming for demonstrations and major
acquisitions. The different funding sources mean the
financial burden is shared – just as the long-term benefits
are expected to be shared. To target natural break-in
points for technology transfer, the plan piggybacks on
change that is already necessary (such as in-block
upgrades) or effects change where it is relatively
inexpensive (such as in technology demonstrators). To
avoid programmatic disruption, the plan does not assume
that systems currently being acquired will be redesigned
to meet SUMO standards.

the need for continued government
commitment and collaboration.

and

industry

Open, Participative, Stakeholder Collaboration
As illustrated by previous modularity efforts, technical and
programmatic factors are not the only ones that must be
addressed. The Transition Plan envisions new forums
where government and industry can come together and
forge a common direction. For government, this is the
Integrated Transition Team (ITT), co-chaired by senior
government representatives from USAF/SMC, NASA, and
the IC, providing the high-level support needed to enable
maintenance of government commitment. For industry, the
plan has introduced a new forum, the Consortium for Space
Industry Standards (CSIS), led by industry. The CSIS
accomplishes the work of standards development with
participation from the ITT and its technical representatives.
The transition plan is characterized by transparency,
openness, impartiality, and respect for Intellectual Property
(IP).

Iterative Approach Over Extended Timeframe
Schedule executability requires that standards be
developed rapidly enough to outpace technology
obsolescence but at a pace that coordinates with the
break-in points driven by budgetary constraints. The
Transition Plan emphasizes an iterative approach using
prototypes and smaller satellites so that technology
insertion does not rely solely on block upgrade schedules.
Despite the incorporation of faster, more agile
demonstrations, the transition is expected to take several
years. The transition plan schedule has three distinct
paths spanning a minimum of 2 to 5 years of standards
development, depending on the maturity of the area to be
standardized. This timeframe is common to standards
development processes across a wide spectrum of
domains and the extended transition period emphasizes

Organizing for SUMO Standards Development
Broad-scope interoperability efforts tend to require
specification of multiple standards; SAVOIR, SPA and
AUTOSAR all include several, and SUMO is likely to
follow the same path. Furthermore, SUMO emphasizes
reuse of standards whenever possible and so may in some
cases incorporate or combine standards from other efforts.
Hence, SUMO is an Architecture of Standards (AoS) that
cover several distinct subject areas. Through two years of
research and investigation including the RFI process,
industry surveys and workshops, site visits, and technical
working group activity, the candidate standardization areas
depicted in Figure 1 are proposed as a starting point for
industry to consider as the CSIS executes the standards
development process defined in the transition plan.

Figure 1. Preliminary CSIS Standards Structure.
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This decomposition is topical and arranged by maturity or
readiness to move into standards development.
Additional views are in development by the CSIS
Steering Committee Architecture Board to serve as the
overall reference architecture descriptions, consistent
with DoDAF and other constructs. The darker green areas
shown in the figure represent those standards that may
emerge as the first to be developed. For example, there
are several existing efforts developing software reference
architectures and associated interface standards, such as
SPA, SOIS, and FACE, so this area is listed as ready to
execute the standards development process. There is a
natural correlation between the areas of standardization
and the proposed organization of CSIS, its
Subcommittees and Technical Working Groups described
in the next section.
Consistent with decades of industry and standards
engineering best practices and the definitions and
guidance established by the National Cooperative
Research and Production Act (NCRPA) and the National
Technology Transfer Act and OMB Circular A-119, the
establishment of an industry consortium is central to the
SUMO Transition Plan. The consortium model has been
proven to enable and promote openness, balance of

interest, and due process to achieve voluntary consensus
standards. A proposed high level organization and
relationships is shown in Figure 2. The CSIS is a selffunded, US industry forum with varying degrees of
voluntary membership to provide a voice to those with a
direct and material interest in the benefits anticipated from
standardization. The steering committee is primarily
responsible for vetting proposed areas of standards before
they are assigned to the subordinate Subcommittees and
Technical Working Groups (TWGs). The current TWGs
align with the AoS subject areas defined in the previous
decomposition and are responsible for drafting consensus
standards, associated conformity assessment process
design, and SDO selection for publishing the standard.
Where appropriate, the CSIS and the ITT will cooperate
and collaborate with other standards initiatives and
organizations, including the international groups shown in
the figure. For example, The ITT has had high level
discussions with the SAVOIR Advisory Group and the
CSIS TWGs have members who are also participating in
CCSDS working groups. Detailed roles and responsibilities
initially proposed in the transition plan will evolve as the
consortium governance structure and process is more
formally defined and ratified.

Figure 2. Relevant Organizations and Relationships.
The Proposed Schedule for Transition
The SUMO Transition Plan coordinates three
simultaneous, interdependent tracks to drive standards
development through to implementation, as shown in
Figure 3: Track I – Engage Stakeholders, Track II –
Develop Standards, and Track III – Demonstrate
Standards. To advance the stakeholders from interested to
committed in Track I, tasks are defined to achieve the

Graven

3

necessary agency collaboration and coordination, as well as
engaging both government and industry to facilitate
standing up the industry consortium. Track II lays out the
major gateways within standards development tasks to
evaluate proposed technical solutions, draft/refine the
standards within each subject area and formalize the
standards. Lastly, Track III focuses on implementation of
the standards, driven by customer (agency) needs and
candidate future Programs of Record (PORs).
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Figure 3. SUMO Transition Plan Overview and Notional Schedule.
The STP defines a standards development process that
is iterated for each standardization subject area. This is
illustrated via the multiple arrows signifying the
different levels of maturity or readiness per
standardization subject area. Well-defined areas
deemed “Ready to Execute” such as EDS, Software
Reference Architectures, Data Links, and CQE are able
to execute the standards development process
represented by the detailed tasking defined in Track II.
TWGs perform detailed standards mapping and
evaluation of technical alternatives via trades to
converge on consensus AoS standards. The TWG
determines the appropriate path between (a) downselecting a preferred alternative, or (b) harmonizing
across overlapping alternatives, or (c) developing new
standards. The transition plan also calls for conformity
assessment process rigor to be tailored proportional to
the standard’s scope and risk profile.
Subject areas under detailed discussions, such as bus
power voltage and quality, and physical signal
characteristics, require further definition of the scope of
the standard before executing the standards
development process. The purpose, scope and
relationship to market drivers and constraints is all part
of vetting proposed areas of standardization during this
stage. Lastly, subject areas in conceptual planning such
as parts qualification and modular power regulation,
require further investigation as to the feasibility and
benefits of the candidate area of standardization, before
moving on to scope definition and standards
development process. The minimum timeframe for
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developing standards is shown as 3, 4 and 5 years
depending on the readiness and maturity of the subject
area.
Standards maturation is expedited with selective
prototyping, whereby the transition plan synchronizes
Track III demos/prototyping with Track II standards
development tasks, accelerating the timelines to
implementation and adoption. The multiple iterations
per readiness/maturity level shown in Track II also
carry over into Track III, where the plan is defined for
demonstrating and prototyping standards, testing via
proto-flights (e.g. one-off’s and hosted payloads), and
eventual implementation on future PoRs. The STP
emphasizes “natural” break-in points for technology
transfer into future PoRs, e.g. block upgrades and
technology demonstrators, rather than retrofitting
standards to existing programs already under
development. Getting hardware space qualified is a
familiar process gated by generally commonly accepted
criteria such as the Technology Readiness Level (TRL)
model.
Track III includes demonstrations and component
prototyping as key to supporting the standard
development process. Demos support trades and early
concept validation, including the use of existing
government facilities such as AFRL’s SPA Test Suite
(SPATS) and NASA’s integrated Power, Avionics, and
Software (iPAS) Pathfinder Lab. Prototypes validate
the standard in a flight-like form, fit and function
context. These are followed by building first articles
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and flying components built to SUMO standards. It is
anticipated that each agency will have this path mapped
out with alternatives and options well in advance.
The SUMO Transition Plan includes a detailed project
plan and related artifacts, initially developed by the ITT
to set the environment and facilitate early execution of
the plan. While the STP will continue to be informed by
the ITT, it is envisioned that the CSIS Steering
Committee will eventually take ownership, refining and
maintaining it with inputs from the Architecture Board,
Subcommittees and TWGs.
SUMO WORKSHOP
Engaging industry is a key part of Track I of the SUMO
Transition Plan, and essential to fully vetting and
shaping the proposed way forward for this initiative. To
that end, a 2-day Industry Workshop was conducted on
March 13 and 14, 2014, where 100 stakeholders from
over 40 industry and government organizations
gathered at NASA Goddard Space Flight Center
(GSFC). The purpose of the workshop was to discuss
and receive industry feedback on the transition plan and
its technical foundation. The workshop was divided into
3 sessions, covering “The Why”, “The What”, and “The
How” of SUMO.
Session I, “The Why,” provided insights into the
current and future satellite development landscape and
the need for innovative solutions to reduce costs and
improve responsiveness. This session included keynote
addresses by NASA GFSC Center Director Christopher
Scolese, and Boeing’s Director of Advanced Space and
Intelligence Systems, Umesh Ketkar, as well as a panel
of government (NRO, AF/SMC, NASA) and industry
leaders discussing “The Market for Standardization.”
The session stressed the importance and historical
precedence of government agency collaboration as a
catalyst to voluntary consensus standards developed by
industry.
Session II, “The What,” consisted of a review of the
technical foundation of the transition plan, and the
current converging standardization efforts by the
satellite development community. Breakout discussions
were facilitated with industry groups of satellite primes
and component suppliers, to vet the proposed areas of
standardization and attempt to achieve consensus on the
prioritization of these areas.
Session III, “The How,” provided the proposed
approach to initiating the standards development
process via establishing an industry consortium. The
structure, process and schedule detailed in the transition
plan was reviewed, and options for utilizing Standards
Development Organization (SDO) were presented.
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Breakout discussions of primes, suppliers, and
government stakeholder groups were facilitated to
determine if there is agreement on the plan forward, in
particular, the establishment of the Consortium for
Space Industry Standards (CSIS).
In addition to the session comments and Q&A, detailed
feedback was collected and analyzed via breakout
session out-briefs and scribe notes, participant surveys,
follow-up “hot wash” discussions, and on-going dialog
with industry. Overall, it was concluded that industry
supports the formation of the CSIS and emphasizes the
need for immediate progress to show early gains and
value. Summary results and other workshop materials
are available via a Special Interest Group (SIG) and
SUMO collaboration site.
A key outcome of the workshop was to highlight the
need for consistent, coherent government advocacy and
early successes, where possible, to help the business
case close. It was suggested that this could be achieved
by identifying near-term targets for demonstrations as
well as expressed alignment of standards with future
programs of record. Hosted payloads, software
reference architectures, and common qualification
environments were 3 areas suggested for possible early
successes.
Stakeholder roles were discussed at length and it was
emphasized that the initial steps of consortium
formation should be jointly facilitated by government
and industry as called for in the STP. An important
distinction, however, is that while the government takes
part in setting the objectives and jumpstarting the
process, industry designs the standards. Industry must
drive the design of interface standards to achieve
interoperability across government and commercial
systems. Workshop feedback also suggested
government-mandated cost cutting objective to set
expectations to drive standards. Government must also
play a role in ensuring adherence to the standards to
assure suppliers will no longer have to build to multiple
interfaces.
The interest to continue the dialog among industry
stakeholders on a number of workshop topics spawned
a bi-weekly forum, the CSIS Implementation Team, to
openly discuss, shape, plan and implement the
standards development way forward. Industry
participation in this forum includes representatives from
BAE, Ball, Boeing, Honeywell, Hughes, Lockheed
Martin, Northrop Grumman, Orbital, Raytheon, L-3,
Aitech, SEAKR, Sierra Nevada, SS Loral, Exelis,
Emergent Space Technologies, Space Systems
Integration, PnP Innovations, Oakman Aerospace,
Harris, and Aeroflex. Two primary objectives of this
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forum are to 1) create an agreed-upon AoS revision and
prioritization, and 2) further develop the business case
in order for all stakeholders to substantively engage. A
major factor in the dialog on standards scope is
continuing to enable innovation and differentiation. The
standards development process as defined in the
transition plan allows participants to achieve a balance
between the value of standards and the constraints to
those using them. The industry bi-weekly rhythm also
provides a forum for industry to support consortium
startup planning, including charter and membership
agreements, organization and governance structure and
processes.
Lastly, it was apparent from the workshop that there is
much interest in proceeding with forming Technical
Working Groups (TWGs) in areas where there is
significant agreement (e.g. CQE, Data Interface, Hosted
Payloads). The need for standards is already influencing
industry investments and the technology is there (no
technical gaps are evident). As such, a Software
Subcommittee and related TWGs (EDS, Cybersecurity,
Data Model, Software Reference Architecture), a
Hardware Working Group, a Common Qualification
Environments TWG, and a Hosted Payload Sub-Group
have formed with over 50 participants overall.
While many of these activities were already defined in
the STP, the workshop provided additional clarity of
purpose and lower level details to breakout 4 th and 5th
level subtasks, particularly with respect to consortium
startup and early standards development activity. The
STP will continue to evolve with the TWG-specific
plans as they mature.
CSIS WORKSHOP
The CSIS Kickoff Meeting was held from June 24
through June 26 with 75 participants, 50% industry and
50% government. The purpose of this meeting was to
provide a forum to definitively shape the consortium
formation from the top level strategy, scope and
business case to the bottom level technical working
group activities. The opening session speakers made the
case for the relevance and inevitability of satellite
interface standards, and engaged stakeholders to take
action to realize the benefits and address the challenges
head-on. Government representatives surveyed past,
present and future standards initiatives and support.
Industry representatives outlined opportunities and
challenges facing SUMO and the CSIS, and TWGs
provided an update on scope, purpose, status and
objectives for the breakout sessions.
More than 20 breakout sessions were conducted in
progressively smaller groups, divided into two major
themes: a) Steering level discussions progressing
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toward agreements on strategy, scope and business
case; and b) Technical sessions to advance standards
development across areas such as Software
Architecture, Electronic Data Sheets, Cyber Security,
Hardware Interfaces, Hosted Payloads, and Common
Qualification Environments. Government, FFRDCs and
SETA attendees were given a tour of the Boeing
Satellite Development Center (SDC) in El Segundo, the
largest satellite factory in the world.
Major Outcomes of the CSIS Kickoff
The scope of standardization was closely scrutinized by
industry representatives to determine that there is
overall agreement on the priorities and focus areas of
the current established working group structure.
Industry collectively decided to give interested
organizations the opportunity to demonstrate an initial
commitment to the CSIS with a basic range of
estimated resources, people and funding) by September
15 for a minimum period of 5 years. In conjunction
with that, industry is encouraging explicit government
assurances, such as a signed Letter of Intent (LOI), by
NASA, NRO, and USAF/SMC, as catalysts to closing
the business case and attracting consortium
participation.
Detailed technical sessions across each of the TWGs
demonstrated further agreement on technical
approaches in each area of standardization. Many new
members of industry stepped up to lead these groups
going forward. The need for more cross-TWG
alignment and communications was identified and will
be a focus of future actions on consortium organization
and governance. As for consortium operation and
management, industry made the decision to solicit
proposals from third-parties to support consortium
startup and management. Several firms provided
insights on this at the meeting, including GesmerUpdegrove, Virtual Management, The VTM Group,
and The Open Group.
Consortium launch is expected to happen in stages with
Fall meeting(s) include a founding members meeting to
work strategy, organization and governance, and a
possible all-hands TWG face-to-face, with full scale
public launch late in 2014. Industry and government
rhythms are continuing, throughout the summer
including a new monthly joint government-industry
meeting. Each major CSIS meeting will be hosted at
different member sites and there are multiple
organizations requesting to host the next meeting in the
Fall of 2014. Initial results of an attendee survey
indicate a large majority agree on selected standards
scope and priority, and foresee CSIS participation at
some level, with emphasis on the need for further
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defining the charter, organization and governance
structure in the near-term.
SMALL SATELLITE
OPPORTUNITIES

IMPLICATIONS

AND

In many ways, SUMO finds its roots in the smallsat
movement –in the notion that affordability and
capability need not be mutually exclusive. And that
interoperability and modularity within space systems
can drive down costs and enable performance. The
innovative approaches developed in the smallsat
community are filtering into both missions and systems
traditionally thought of as the domain of “big space.”
The small satellite community was the core contributor
to many of the technologies that have enabled SUMO
or validated its viability: the OSD Office of Force
Transformation’s Industry Systems Engineering Team
(ISET) and TacSat4, the ORSO’s (Operationally
Responsive Space Office) Space Plug-and-Play
Architecture (SPA) and the Modular Space Vehicle
(MSV), NRO’s Colony programs, and others.
The smallsat community is also likely to have a major
role in the development and validation of the emerging
SUMO standards. There is already significant
participation in the CSIS activities, and it is likely that
much of the experimentation, validation and
demonstration of the technologies and proto-flight
components will be conducted by existing or emerging
smallsat players. Many such organizations have
relevant experience from the various precursor
activities, and are well positioned to offer affordable
options for flight demonstrations.
Ultimately though, as these standards transition to
viability and preferability in mainstream operational
space systems, the anticipated benefits will accrue to
the small satellite market, enabling additional cost,
schedule and flexibility gains. Over time, this may drive
additional competition in the spacecraft market as
smallsat
developers
and
integrators
become
increasingly viable up-market participants as bus and
system providers.

agencies. Industry input and participation was solicited
in a variety of ways including RFIs, meetings,
establishment of a SUMO SIG, and outreach via
conferences and papers. More recently a more formal
transition from government to industry leadership has
been accomplished via the sequence of implementation
meetings.
SUMO Workshop: government led with
industry input and participation



CSIS Kickoff: Industry led with government
facilitation and participation



CSIS follow-on meetings (in planning):
Industry led and organized with government
participation

Based on the engagement of industry participants and
the significant body of prior work from both
government and industry, the goals of SUMO are
achievable. However, commitments from both
government and industry are necessary to support the
business case for further investment and to justify
establishment of a membership funded organization to
coordinate and administrate the CSIS activities. At this
writing, the necessary commitments are being pursued
via letters of intent from the government organizations,
and letters of intent along with participation and
financial commitments (membership dues) from
industry partners.
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CONCLUSION AND PROSPECTS
This paper has provided an overview and update on
SUMO, covering the current Transition Plan, the SUMO
workshop and the first CSIS meeting and their key takeaways.



The discussion illustrates the Step-In/Step-Back
approach from the government participants. The ODNI
led the initial planning, analysis and validation efforts,
and established the SUMO ITT to convene the
participation of the government’s major space-faring
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